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Abltract - United Pan:el Service (UPS) Is condnuiDg to expand
customer servk:es such 81 packqe trac:JdDa, on caD pickup, and
uped1ted c1eUvery. Tbts nqulres extellllve communlcadons and
data procealng. As part ofthis effort, UPS Us developed 220-222
MHz land moone radios and system technolou to give Its vehicle
fleet blp performance dlgttal communlcadons, with connections
to the company's local area and nadonwkle computer networks.

In IIIpOIIlIe to the FCC's lnitladve to promote spectrum eft'ldency
In die 220-222 MHz band, the UPS system InducIes several advanced
de8Ip features. These features work In dose concert to allow hun
dreds ofmooRes to operate on each individual narnJWband channel.

The UPS mobUe and base stadon radios meet die rigorous emis
sion standards for die 220-222 MHz band, and have been granted
FCC type acceptance.

Mlc:roproceMor controUed modulation enables power eflldent
nonlinear radios to deliverdata ratIs ofone bit per second per Hz, or
hfIber, witIdn a 4 kHz authorized bandwidth. Pred!Ie spectrum con
trol aIIoM full use of acijacent channels, widJ 5 kHz spadng between
channel centers. Wltbln eadl c:banneJ, caretuIy designed signaling
medJods aDow thousands ofreUable message traml'en per hour.

As demonstrated In fteld and bench tela, the system can e1Tec
dvely se"e both urban and rural areas, nUe sbarIng the RFband
with technically and operadonaUy dlvene spectrum nelghbon.
Bodl the system design and UPS'slnpU1lII to the FCC 220-222 MHz
rulemaklng are based on the need for practical reaUzadon ofspec
trum eMdent moone radio, while providing for ftexible long term
appllcadon of ongoing research.

I. SPBCIRUM EFFICffiNT DIGITAL COMMUNICATIONS

The FCC 220-222 MHz roles [I] provide up to six times as
many voice channels per unit bandwidth as other land mobile
bands. For many applications, communicating datacan be con
servatively estimated to yield a further improvement of at least
an order of magnitude, i.e. ten times, in information capacity
per unit bandwidth, compared to analog or digital voice.

UPS 220-222 MHz radios attain higher bits per second per
Hz than traditional equipment. In addition, the RF modulation,
detection, coding, and signaling are tailored to a narrowband,
Rayleigh fading environment. For high throughput with effi
cient, compressed data messages, these features provide further
advantages which are just as significant as RF bit rate.

As an example, UPS plans to use data transfers to provide up
to the minute status on package pickup and delivery. With care
ful data compression. typical inbound messages will be about
0.4 seconds long. This includes data on multiple customers and
parcels, with error detection and correction coding.

Fig. I shows timing for a typical inbound message, including
control signaling, ARQ, and acknowledgments. Complete data
transfer occurs within approximately 1.5 seconds elapsed time,
and consumes only about 0.5 seconds on the critical path time
line. Outbound message timing is similar but involves less
channel control signaling. Field test results for completion
times for 100 byte outbound messages appear in Fig. 2.

OUIbound Signaling
---.....- 24 msec. ••

f Panlsi Ack iAck/

Channel control /

j /T-mnr-l
I I ----,.-----

..~.4MC.~ ARQ Ack
Inbound signaling

...

Fig. 1. Typical inbound message time line

Base stations operate full duplex, and transmit continuously.
Mobiles operate half duplex, sending data bursts as short as 24
milliseconds, to optimize channel efficiency. Traffic to and
from multiple mobiles is interspersed for maximum through
put. The UPS system allows variable data rates, both higher
and lower than the nominal 4,000 bits per second, to individu
ally optimize each message exchange [2].
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Fig. 2 Outbound menage completion time,
field test results

II. SPECTRUM CON1ROL

Various new or proposed digital mobile radio schemes im
pose a common modulation and signaling standard, and inten
sive operational control, on all users ofa given band [3]. In the
220 MHz band, the FCC took a different thrust, encouraging
use of varied narrowband modulations, with RF emission rules
providing full use of adjacent channels [I, 2, 4-6].

As mentioned in preceding paragraphs, the UPS mobile and
base station radios both meet the 220-222 MHz emission stand
ards, and have been granted FCC type acceptance.

Fig. 3a shows the measured RF spectrum ofa UPS 220 MHz
base station, continuously transmitting multilevel PM at 4,000
bits per second [7]. The figure depicts test results from the UPS

-4000~ -2000 ·1000 0 1000 aooo 3000 4000 5000
F,..., D...I.... (HI)

o.lllIon • IH.IOtIIlHI

Fig. ]a. Measured RF spectrum. UPS 220 MHz base station,
continuous lrlllllmission, multilevel PM, 4,000 bits/sec.,

resolution bandwidth 100 Hz, total power 100 w

base station type acceptance application, along with the FCC
220 MHz emission mask [8, 1].

As discussed previously, the UPS system uses rapid mobile
transmission bursts to optimize channel control and through
pUL Various authors, e.g. [9], have noted that this mode of mo
bile transmission is intrinsic to advanced digital radio system
designs, and that RF spectrum spreading can occur ifburst en
velope shape is not carefully controlled.

The measured RF spectrum for 24 millisecond bursting
without envelope shaping appears in Fig. 3b. Fig. 3c shows
measured results for 24 millisecond burst operation of a UPS
220 MHz mobile radio, with precise envelope control keeping
the spectrum within the FCC mask. The test results in Fig. 3c
come from the UPS mobile radio type acceptance application.

'i•:e.

I I I I I-50 I I I I I I I

-llOllO~ -3JOO -2000 ·1000 0 , 000 2000 8000 4000 5000

FrlllUna, D"llIlon (Hz,
odlVllllon • II1.IOIIIIHI

ig. 3b. Measured RF spectrum, 24 msec. bunt,
no envelope shaping, multilevel PM, 4,000 bits/sec.,

resolution bandwidth 90 Hz, total power SO w

-.4000 ·3000 ·2000 -1000 0 1000 aooo ooסס 4000 5000

F,....., D...lllIon (H I)
••'lIlon .111.1OIIIIHI

Fig. 3c. Measured RF Ipectrum, UPS 220 MHz mobile radio,
24 mscc. bunt with envelope shaping, multilevel PM. 4.000 bits/scc.,

resolution bandwidth 90 Hz, total power SO w



m. LABORATORY AND FmLD PERFORMANCE REsULTS

Fig. 4 is a plot of measured bit error rate (BER) vs. input
signal level for UPS radios with 4,000 bits per second multi
level PM. Fig. 5 depicts measured BER vs. cochannel interfer
ence (CCI), using 4,000 bits per second multilevel PM as both
the desired and interfering signals. BER results shown here do
not include error correction. Sensitivity and CCI include addi
tive white Gaussian noise (AWGN) conditions, as well as fast
Rayleigh fading with 2 Hz and 20 Hz Doppler rates. These
Doppler rates correspond to vehicle speeds of 6 mph and 60
mph, respe<;tively. From measured results, the carrier to noise
ratio for 10-2 BER in AWGN is 13 dB.

In field tests, the UPS 220-222 MHz system has demon
strated excellent performance at distances of over 65 miles
from the base stations. In the Portland, Oregon area, three base
stations provided seamless, fully redundant coverage for UPS
vehicles operating over more than 3,000 square miles ofurban,
suburban, rural, and mountainous terrain.

Field results with CCI show that with FCC local channelli
censing and reuse criteria, the UPS system will offer excellent
wide area coverage. With nationwide five or ten channel block
licenses, the UPS system can also give excellent performance
in cellular reuse schemes. Mobiles are frequency agile, with
software controlled power output In field tests, mobiles dem
onstrated their ability to choose the best selection from multi
ple base stations and frequencies.
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Fig. 5. Measured HER VS. cochannel interference, UPS 220 MHz radios,
multilevel PM, 4,000 bits/sec.

AWGN, 2 Hz and 20 Hz Rayleigh fading

Amajor goal of the 220-222 MHz rulemaking was to provide
full use ofadjacent channels through emission controls, without
restrictive coordination. The FCC mask effectively limits inter
ference in the passband of the first adjacent channel to between
-60 dBc and -65 dBc. For comparison,1t/4 QPSK digital cellular
proposals allow -60 dBc, or higher interference in many cases,
in the passband of the third adjacent channel [11].

1.0111-01

!
1.0CIl-02

I 1.008-03

=•
1.OOJl.04

UIOIl·05

OurextensiveMonte Carlo simulations show that with well de
signed reccivers. the FCC 220-222 MHz mB provides for very
low outage from adjacent channel interference. The simulations
include factors such ~: multiple locations of desired and interfez
ing signal soun:es; cell radius ofup to 25 mila; in congestedurban
areas; independent log normal shadowing ofdesired and interfez
ing signals; detection thresholds for various narrowbBnd constant
envelqJe modulations and data rates; and use ofall 200 channels
in the 220-222 MHz band within a given cell.
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IV. CONCLUSION

In response to the FCC's initiative to foster spectrum effi
ciency in the 220-222 MHz band, UPS has developed narrow
band land mobile digital radio technology to provide high per
formance, cost effective vehicular data communications, on
both a local and nationwide scale. The 220-222 MHz rolemak
ing, and UPS's radio and system designs, offer positive exam
ples for ongoing evolution of standards, equipment, and sys
tems. They also provide practical solutions for current land mo
bile communication requirements.
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